and many other workers whose contributions can be found in editions of specialized symposia (3) and recent reviews (20) . In this paper, the hypothesis of a renal pelvic pacemaker, as put forward by many of the above workers, is reexamined in light of a new experimental design. Physiological evidence will be presented to show that ureteral peristalsis is controlled by pacemaker-induced oscillations in the renal pelvis. These oscillations are observed during simultaneous electrophysiological and manometric recordings in the ureter and renal pelvis. Morphological evidence to substantiate this hypothesis has also been accumulating for some time and with the introduction of modern histological techniques (4) has recently shown that there are distinct structural differences between the renal pelvis and ureter which could account for the separate function of each. Based on this histologic difference of the pelvis from the ureter, it was suggested (13) that the calyx and pelvis are specialized to influence and control the activity of the ureter. Pharmacological evidence (9, 15) also provides support for the hypothesis that the renal pelvis may act as a pacemaker which can initiate and thereby control ureteral peristalsis. line pressures. It is shown in this illustration that the amplitude of the pressure wave from peak to peak decreases as the base-line pressure increases. This observation was made in all preparations where recordings were possible at urine flow rates of < 0.5 ml/min per ureter. Following careful examination of the pressure connections, it was established that this base-line increase was not due to obstruction to the free flow of urine but rather due to more complex mechanisms presented in DISCUSSION. At instances where the flow rate was increased by the administration of intravenous Ringer solution to above 1 ml/min per ureter, the base-line renal pelvic pressure becomes more stable and the high-frequency oscillations can be clearly identified. This is clearly illustrated in Fig. 3 where renal pelvic contractions at the constant interval of 4.9 s are shown. Unfortunately, however, the peristaltic rate normally recorded at such high urine flows is also constant, reducing the value of such measurement.
It is appropriate at this point to again indicate that there is a wide variation in the wave form of the high-frequency components of the renal pelvic pressure from animal to animal as already seen in Figs. 2 and 3. A possible explanation for this variation is the exact location of the recording tip of the catheter (i.e., whether it is in a major or minor calyx or in the pelvis). Careful examination of the pressure peaks illustrated so far and in the subsequent examples will indicate that, regardless of the amplitude and frequency composition of each peak, the important parameter in these wave forms that is uniquely identifiable is their periodicity. The lowfrequency components of the renal pelvic pressure wave forms, shown in Fig. 2 and observed during recordings of other preparations, indicate that no reliable pelvic pressure with ureteral activity measurements can be made at urine flow rates of < 0.2 ml/min per ureter due to the instability of the base line and the indeterminate shape of the renal pelvic wave form. Thus, on the basis of these facts, measurements relating the hydrostatic fluctuations in the renal pelvis with the occurrence of ureteral peristalsis were made at higher urine flow rates.
As stated in the introduction, a correlation between renal pelvic pressure and ureteral peristaltic contractions would provide evidence for the existence of a renal pelvic pacemaker.
For such a hypothesis to be seriously proposed and proven, it would be necessary to show that the distributive properties of a series of peristaltic concentrations could be explained by a relationship between pelvic and ureteral events over a wide range of urine flow rates. Since technical difliculties would be encountered in the recording of pelvic pressure at urine flow less than 0.3 ml/min per ureter, the measurements presented here are above that flow rate. In the examination of the results, however, the data obtained here will be presented starting from high urine flow rates and progressively moving toward low flow. The justification for this reverse approach lies in the fact that historically the first successful recording was made when the urine flow was accidentally increased to over 2 ml/min per ureter, whereby what was initially an apparently unproductive recording turned out to yield the first clear data relating pelvic and ureteral rhythms. Thus, starting with Fig. 4 , a segment of recording shows the peristaltic activity of the ureter detected by a unipolar macroelectrode located approximately 4 cm from the renal pelvis. The approximate urine flow rate at the time of this recording was measured from the contralateral ureter and indicated at 2.3 ml/min per ureter. The assumption is made here that within 10 ';; the two kidneys produce a symmetrical flow at any instant. It is apparent from this illustration that preceding each peristaltic contraction detected by the electrode there is a low-amplitude (z 5 cm HzO) pressure peak in the renal pelvis. In the notation used earlier, A is indicated as 3.4 s, which is measured both in the pressure and electrical wave form. The time delay between the peak pelvic pressure and ureteral electromyographic spike is due to the speed of propagation in ureteral smooth muscle of the peristaltic contraction.
In the recording shown in Fig. 4 (Figs. 5-8) . Figure 5 shows the relationship between rate of renal pelvic contractions and the occurrence of ureteral peristalsis at a urine flow rate of 1.5 ml/min per ureter. It is immediately apparent from this recording that the amplitude of the renal pelvic pressure pulse has decreased to a peak-topeak height of N 3 cm HP0 but with a constant rate of occurrence at 3.1 s. tive amplitude of the pulse pressure decreases with a diminishing urine flow rate. This partly explains the difficulty in discerning the exact pelvic pressure wave forms at the very low flows. In this context, upon examination of Fig. 8 , with no previous knowledge of the material illustrated in Figs, 4 and 7, a great difficulty will be encountered in visualizing the correspondence between the pressure and electrical contraction. Table  1 cumulatively summarizes the statistical characteristics of the data obtained from all dogs studied; note that for dogs JV43, JV44, JV48, JV53, and JL%3 the parameters measured were over a range of urine flow rates. In the remaining dogs tabulated, measurements were taken at low flow rates that required extended recording, and hence the range of flow variations shown are limited.
The amplitude of the very low-frequency pressure oscillations in the renal pelvis indicated in Fig. 2 and mentioned in METHODS is also shown in Table 1 together with base-line pelvic pressure. As shown in this table, the variation of the absolute base-line renal pelvic pressure is increased with a decrease in the urine flow rate-The value C. E. CONSTANTINOU shown here was taken as the mean over the time indicated.
It can also be observed from Table 1 that the mean pelvic pacemaker interval at times of 1: I correspondence between ureteral and pacemaker contractions is essentially identical. As the flow is decreased to lower levels, the ratio of pacemaker to ureteral interval increases to approximate multiples of the pacemaker interval producing ratios of 2 : 1, 3 : 1, etc., depending on the levels of flow. These measurements were taken at the urine flow rate level and time period indicated in Table 1 . A period of stabilization to a lower level of flow was always allowed prior to the accumulation of pelvic and ureteral data. The period was in the order of 15-20 min, depending on anesthesia. Thus, at instances where diabutal was administered a pause in measurement of over 30-45 min was sometimes necessary. At all times, however, measurements were taken with the minimum of anesthesia to avoid its effects. As indicated in Table  1 on dogs 23KV72 to 28KV72, measurements were taken at only urine flow rates of approximately 0.5 1 =t 0.11 ml/min per ureter to 2.7 =t 1.30 ml/min per ureter in ascending increments of urine flow. This was done in order to ensure that the ureter is not at a dilated state when making these measurements.
As indicated, the fundamental characteristics of correspondence of renal pelvic pacemaker interval and fundamental ureteral peristaltic interval correspond with the data shown for descending urine flow rates. At the same time the fundamental pacemaker interval cannot directly be seen in these recordings as only larger multiples of that interval occur at the lower urine flow rates. It is also apparent from the last column of Table 1 and also from Fig. 7 , that the peak-to-peak pressure of the pacemaker wave form is of the order of 2-3 cm of water, whereas at the higher flow this is much larger. Thus, the technical difficulties associated with the measurement of these small pressures might account for the lack of renal pelvic pressure measurements at the lower urine flow rates. In order to quantitatively document the phase between the ureteral contraction detected by the macroelectrode and the peak of the renal pelvic pressure over extended periods of time, an examination was made between these two parameters.
This examination was extended also to the phase between the renal pelvic pressure and the respiratory cycle.
From Table 2 it is clearly shown that the phase relationship between ureteral and renal pelvic contractions remains approximately constant, regardless of the number of cycles of renal pelvic pressure between peristaltic contractions. This phase is shown here to be between 150" and ZOO". Conversely, the phase between ureteral and respiratory rhythms goes through complete 360" phase changes. Thus, the ureteral rhythm is independent of the respiratory cycle and always in phase with the renal pelvic rhythm. and tetrodotoxin has no effect on the normal pacemaker frequency. In light of this cumulative evidence, therefore, the hypothesis described as pacemaker action by the cooperation of multiplecoupled oscillators, and hence the myogenic nature of the system, seems to hold. This hypothesis has been proposed independently by many workers and is broadly based on a process of several subunits of similar potencies acting in parallel with the tendency toward synchronization. In general, this hypothesis of local oscillator action has until now been confined to specific regulatory systems such as the cardiovascular and endocrine. The notion, however, that organisms contain biological clocks or pacemakers is not totally new, and evidence to this concept is increasing (21). Specifically in the material presented here, it was shown that at urine flow rates < 0.2 ml/min the base-line pressure of the renal pelvis has a superimposed lower frequency of the order of 0.03 Hz. Such oscillation can be misinterpreted as due to obstructive causes if recorded over short periods of time, but careful examination of extended records indicate that this low-frequency oscillation persists at a constant frequency.
Such oscillation has also been reported by Basar and Weiss (2) in isolated perfused kidneys where it was postulated to be due to some active mechanism responsible for the readjustment of renal vascular resistance.
The material presented in this paper so far provides only a first-order connection between the events occurring in the renal pelvis and the ureter. No 
